The aim of the study was to verify the effect of three diets containing 10% amaranth fed to pigs, on selected parameters of metabolism and health and on the growth efficiency in comparison with the control diet containing animal protein. The animals of each group were given the same diet during the entire period of fattening. Experimental and control groups of pigs (n = 10 in each; 5 males + 5 females) with live weight of 18 kg were partially ad libitum fed diets containing dried surface amaranth biomass or amaranth grain either non-heat-treated or heat-treated by popping, or a diet containing meat-and-bone meal for 100 days. No significant differences in the live body weight gains were detected between experimental and control groups. The highest daily body weight gain was recorded in animals fed the mixture containing heat-treated amaranth (0.78 kg) and the best feed conversion was detected in the group fed non-heat-treated grain (2.45 kg). The values of selected biochemical parameters ranged within the physiological limits.
Occurrence of bovine spongiform encephalopathy (BSE), adopted measures directed against its spreading and EU requirements to ensure food safety (Anonymous 2000a) resulted in a complete prohibition of meat-and-bone meals (MBM) in the nutrition of all farm animal species. Subsequently, particular measures were introduced to enhance the confidence of consumers in the safety of food of animal origin and to minimize expected adverse effects of animal protein absence in the diets on the health status and growth efficiency of fattened monogastric animal categories.
After MBM prohibition, concern has been expressed what substances to use to replace of high-quality raw material previously used for preparation of feed mixtures. The diets must be supplemented with feeds which can saturate nitrogenous substances, essential amino acids and provide sufficient energy. The use of synthetic amino acids may create a problem as some of the trade chains refuse to sell food from animals fed diets containing them (Herzig 2001) .
Although it is very difficult to replace animal protein, nevertheless leguminous plants (soy, pea and lupine), oil plants (oilseed rape and sunflower) and products of fat manufacture may be considered (Herzig 2001) . All of the mentioned raw materials have certain limitations for feeding purposes. The use of soy is limited by the price and moreover, heat treatment is necessary for inactivation of antinutrient substances. Some types of soy also contain oestrogen-like substances (Sommer 2003) . Extruded oilseed rape meal despite of decreased contents of glukosinolates and erucic acid, represent a factor that causes a significant decrease in iodine utilization with consequent signs of its deficiency found both in animals and animal products intended for human consumption .
One sustainable approach to reduce adverse effects of animal protein elimination from animal feed rations is the use of amaranth that meets the requirements of a substitute for the MBM (Herzig 2001) .
Amaranthus (L.) genus comprises more than 60 species. Under the conditions of the Czech Republic, three following species are significant: A. caudatus, A. cruentus and A. hypochondriacus. Agrotechnical preconditions for its cultivation in our region have been well recognized (Jaro‰ová et al. 1997) .
Amaranth grain, dried green amaranth biomass (12 to 18% of N-substances), liquid product "amaranth milk" (20 to 25% N-substances) which can be condensed or powdered are considered as raw materials suitable for animal feeding. Grains contain a relatively high proportion of fat (6 to 8%), crude fibre represents 3 to 5% and the composition of amino acids is better balanced than in conventional cereals (C arlsson 1979; Bressani et al. 1987; Szelényi-Galántai and Zsolnai-Harszi 1992; Andrasofszky et al. 1998) .
It was confirmed in animal experiments that amaranth contains a high-quality protein (Imeri et al. 1987) . However, in certain cases, the parameters of growth efficiency obtained were lower than expected (Correa et al. 1986 ). The possibility to use autoclaved grain for chickens was tested by Acar et al. (1988) , the effects of extruded amaranth grain in feed rations were investigated by Tillman and Waldroup (1987) and nutritional quality of the surface biomass was studied in lambs by Pond and Lehmann (1989) . However, available literature data on amaranth use in pig nutrition are missing.
The purpose of the present study was to ascertain whether it is possible to substitute MBM in a pig diet with amaranth when one type feed ration is used during the entire period of fattening and its impact on the growth efficiency and health of pigs.
Materials and Methods
Forty Large White × Landrace pigs in equal numbers of barrows and gilts (mean live weight 18.0 ± 1.70 kg) were used. All animals were earmarked by tattooing. Experimental animals were housed in pens of 10 pigs each, under good hygienic conditions of accredited animal facilities in the Veterinary Research Institute (approved project of the experiment No. 598 Ministry of Agriculture of the Czech Republic). Average surface apace was 1.7 m 2 and the length of the feeding place was 0.3 m per pig. Straw was used as bedding. Conditions of animal hygiene were monitored by continuous measurements of ambient temperature and relative humidity.
The animals were weighed upon their arrival from the Agricultural Cooperative Farm and then 5 days after the end of the adaptation period. The experiment was preceded by an 11-day pre-treatment period, during which the pigs gradually adapted to the new diet and environment and concurrently, their performance and growth uniformity were monitored. They were preventively dewormed during that period with the doses according to the manufacturer´s instructions (Ivomec, inj.; MSD, Agvet, USA).
Before biological testing commenced, the animals were weighed, and based on individual live weight, they were allocated to four groups (5 males and 5 females in each). Average weight of pigs in respective groups ranged between 17.8 ± 1.8 and 18.3 ± 1.8 kg. Variation coefficient (< 10%) was consistent with the requirements of biological testing (Anonymous 2000b).
Experimental diets were based on cereals (wheat and barley) and comprised extracted soy meal, 46% crude protein (CP) and feed supplements. Control group diet (C) contained 4% of meat-and-bone meal. The diets for three experimental groups contained 10% amaranth in the form of either dried surface amaranth biomass (DAB), or ground amaranth grain (GAG), or popped (heat-treated) amaranth grain (PAG).
Compositions of experimental diets are given in Table 1 . The diets were suggested for fattening of meat type pigs with 56% proportion of lean musculature. The diets were analysed for the contents of basic nutrients (Anonymous 1996) .
The diets were mixed with drinking water 1: 1 and offered to each group of pigs twice a day during the experimental period (100 days), partially ad libitum. The amounts of feed were regulated according to the current intake and the weight of the animals so that food refusals might have been low. Thirty minutes after the beginning of feeding, the refusals were removed, weighed and taken into account in subsequent calculations. Water was available ad libitum.
Individually identified pigs were weighed at the beginning of the trial and on days 30, 60, and 100 of the trial. The weighing precision was 0.1 kg. Pigs were regularly weighed 2 h post feeding with the same succession of groups. The health status of animals was checked daily by observation at regular intervals. Occasional morbidity and mortality were recorded. Postmortem examination was performed in dead animals.
At the beginning and end of the trial (day 100), always 3 h post feeding, blood samples were drawn from v. cava cranialis for biochemical evaluation. Total protein, albumin, glucose, triglycerids, total cholesterol, HDL and LDL cholesterol, alkaline phosphatase (ALP, EC 3.1.3.1), transferases (AST, EC 2.6.1.1; ALT, EC 2.6.1.2), calcium, phosphorus and magnesium blood plasma levels were determined. Spectrophotometric measurements using BioLa-Tests (PLIVA -Lachema Brno a.s., Czech Republic) were performed.
Individual and group weight gains during the experimental periods were calculated. Relative growth rate (q) of animals was determined according to the following formula (Karakoz 1968) . yo = weight at the beginning yt = weight in a particular period Feed conversion was calculated from feed consumption and live weight gains.
The results obtained were processed by statistical methods using statistical and graphic software STAT Plus (Matou‰ková et al. 1992) .
Results
Appropriate diet for each animal group for both pre-treatment and trial periods was designed ( Table 1 ). The content of N-substances in the diets designated C, DAB, GAG and PAG was 183.2, 172.4, 173.8, and 173.2 g.kg -1 , respectively. Metabolizable energy (MEp) ranged between 13.1 and 13.4 MJ.kg -1 . The ratio between lysin and MEp ranged between 0.814 and 0.831 g.MJ -1 . Table 2 shows the content of the other nutrients.
Mean live weight of the pigs was 14.9 ± 1.6 kg at the beginning and 18.04 ± 1.7 kg at the end of the 11-day pre-treatment period. Mean weight gain during that period was 3.14 ± 0.35 kg. Between-group differences in the mean weight of pigs either at the beginning of the experiment or in the subsequent experimental periods (day 30, 60, and 100) were not , 165 mg niacin, 250 mg pant. calcium, 1000 mg cholinchlorid, 0.8 mg biotin, 6 600 mg vitamin C, 110 g L-lysine HCl, 33 g D,L-methionine, 55 g L-threonine, 15 mg Co, 65 mg J, 11 mg Se, 660 mg Cu, 1 585 mg Mn, 3 500 mg Zn, 2 080 mg Fe, 56 g Na, 12 g Mg, 80 g P, 205 g Ca, 833 mg Endox, 11 250 mg Bio-plus 2B, 2 900 mg Natuphos 5 000G, 665 mg Sacharin significant (P > 0.05). Table 3 shows that the highest weight gain was recorded between days 1 and 30 in the group DAB (index 102.4); between days 31 and 60 in pigs fed the diet with popped amaranth (index 102.2) and between days 61 and 100 in group GAG (index 105.8%). Maximum relative growth rate was reached in group PAG (437.8 ± 65.9%), although the between-group difference was not significant (Fig. 1) . Mean daily weight gains during the entire trial period for groups C, DAB, GAG, and PAG were 775, 763, 770, and 778 g, respectively. Total consumption of the diet was 2 142 kg in group C, 1 955 kg in experimental group fed DAB, 1 733 kg in group fed GAG, and 1 961 kg in group fed PAG. Average consumption of the diet per animal and day was 2.14 kg in group C, 2.12, 1.89, and 1.96 kg in the other groups DAB, GAG and PAG, respectively. Feed conversion in the groups C, DAB, GAG, and PAG was 2.76, 2.78, 2.45, and 2.52 kg, respectively.
It follows from the results of biochemical analysis of blood plasma in all groups of pigs that most of investigated parameters ranged within physiological values as given by T luãhofi (2001) . The values of ALT were below the reference limit before the beginning and after the end of the experiments (Table 4) . AST activity decreased with the increasing age of the animals in all the groups; the differences were highly significant in the control group (P < 0.01). The decline (within physiological limits) in triglyceride levels (P < 0.01) in group DAB and increased total cholesterol levels in group GAG (P < 0.05) were recorded. HDL cholesterol levels were increased in groups C and GAG (P < 0.01) in contrast to group DAB animals with decreased concentrations (P < 0.05). Phosphorus levels during the entire course of the experiment were at the upper limit and manganese levels were at the lower limit of the reference ranges.
One piglet from group GAG was excluded from the experiment because of the iliac joint luxation on day 14 and another piglet with diagnosed endocarditis et pericarditis acuta from group DAB on day 22. Dwarfism syndrome was recorded in one piglet from group PAG. Another piglet with signs of chronic respiratory disease ingested less feed from day 58 to the end of the experiment. No clinical signs of a disease were observed in the other animals.
Appropriate hygienic conditions were maintained in the animal facilities during of the entire experimental period. Average temperatures recorded in the morning and in the evening in the stable were 21.0 ± 2.2 °C (17.1 to 24.9 °C) and 22.0 ± 2.2 °C (16.8 to 26.2 °C), respectively. Average relative humidity recorded in the morning and in the evening was 57.6 ± 6.4% (44.6 to 71.3%), and 56.8 ± 6.1% (47.4 to 66.7%), respectively.
Discussion
Investigation was carried out under conditions providing objective assessment of the impact of respective diets on selected parameters of growth efficiency and health, including biochemical characteristics. In all groups, the sex of animals and their weight uniformity at the beginning of the trial (variance coefficient ranged between 8.8 and 10.1%) were considered. Nutrient content (Table 2) in respective diets was almost identical. It follows that the feed rations were isocaloric and isoproteinic. The content of nitrogenic compounds was slightly increased in the control diet. The ratio between lysin and metabolizable energy concentration was particularly well balanced (0.814 to 0.831 g.MJ -1 ).
Dried surface amaranth biomass was tested since it contains relatively high levels of nitrogenous compounds (14.3%) and high concentrations of linoleic acid (15.1 or 4.0 g.kg -1 ) in comparison with dried surface biomass of alfalfa (Zeman et al. 1995) . Because of antinutrient substances present in amaranth grain (Correa et al. 1986; Imeri et al. 1987) , heat treating by popping (30 s at 160 °C) was used in one of the groups (PAG).
As confirmed by growth efficiency and health status of pigs (Tables 3 and 4) , it is possible to successfully use diets without animal protein for fattened pigs, i.e. diets containing only Table 4 Selected biochemical characteristics of blood plasma plant protein. The results expressed as the rate of live body weight gains, are even more notable, as they were obtained with the use of identical diet in each group of pigs during the entire experiment (pre-fattening, fattening stages I, and II), although the requirements for nutrients of the respective body mass categories of pigs are different (·imeãek et al. 1993 ).
The differences in average daily weight gain between control and experimental groups were not significant. However, differences were observed in distinct periods of the experiment. In the first phase of the experiment (30 days), the highest daily weight gain of 0.57 kg was recorded in group DAB. From day 31 to 60 and from day 61 to 100, the highest daily weight gains were recorded in groups PAG and GAG (0.78 and 1.01 kg), respectively (Table 3) . Similar results were obtained by van Lunen et al. (2003) who included 10 to 30% extruded soy in ad libitum fed grower and finisher diets for pigs. It can be expected that provided the requirements for concentrations of nutrients and energy in the given phases of fattening and ad libitum feeding are met, pig growth intensity would be even higher.
Comparison of the diets tested in the present study documented a different daily intake and growth efficiency expressed by feed conversion per kg of the weight gain. Particularly in groups GAG and PAG with a lower daily feed consumption (1.89 and 1.96 kg, respectively), feed conversion was higher (by 12.2 and 9.6%, respectively) compared with the control group. It is remarkable that the growth efficiency was higher in group fed GAG diet compared with group PAG. The results obtained in our study did not confirm adverse effects of antinutrient substances in non-heat-treated amaranth grain (GAG). Imeri et al. (1987) give data concerning the presence of a trypsin inhibitor, phenols, tannin, saponins, and phytohaemagglutinins in amaranth.
During the course of the experiment, health status of pigs was assessed both by clinical examination and biochemical analysis of blood plasma. No clinically manifested disease or mortality related to the used diet was recorded during the experiment. It gives an evidence of a good health status of the pigs which was also confirmed by detected biochemical plasma parameters. Optimal microclimatic conditions maintained in animal facilities which is one of important prerequisites for effective nutrient conversion, definitely contributed to good health and production efficiency. Although two animals had to be excluded from the experiments because of acute alteration of the health status (luxation, endocarditis), partial data on the weight gains and feed consumption was included in the calculations. Low weight gain (0.53 kg per day) and lower live body weight of a gilt from group PAG at the end of the experiment reflected exacerbation of a latent respiratory tract infection.
It can be concluded from the presented results that amaranth used in the diets in the form of both grain and dried surface biomass is a source of nutrients adequate to the components of animal origin which have been prohibited. Considering high biological value of amaranth protein, favourable amino acid composition and dietary fibre contents, it can be presumed that amaranth inclusion in feed diets for fattened pigs may partially solve the problem of animal protein replacement in the diets for monogastric animals. Moreover, it can be expected that high contents of lipids, essential fatty acids, particularly linoleic acid and squalen may be effective in wholesome pork production by modification of fatty acid composition.
Vliv amarantu na rÛstové schopnosti a zdraví v˘krmov˘ch prasat
Cílem pokusu bylo ovûfiit u prasat produkãní úãinnost tfií diet s obsahem 10 % amarantu pfii pouÏití stejné krmné smûsi pro celé období v˘krmu, zhodnotit vliv na vybrané ukazatele metabolismu a zdraví proti kontrolní dietû s obsahem Ïivoãi‰né bílkoviny. Pokusné skupiny a kontrolní skupina zvífiat (n = 10, 5 vepfiíkÛ + 5 prasniãek) byly semiadlibitnû krmeny krmn˘mi smûsmi s obsahem su‰ené nadzemní biomasy amarantu nebo neo‰etfien˘m ãi tepelnû o‰etfien˘m zrnem popováním, resp. smûsí s obsahem masokostní mouãky od Ïivé hmotnosti 18 kg po dobu 100 dní. Mezi pokusn˘mi zvífiaty a kontrolní skupinou nebyl zji‰tûn statisticky v˘znamn˘ rozdíl v pfiírÛstku Ïivé hmotnosti. Nejvy‰‰í denní pfiírÛstek byl u zvífiat krmen˘ch smûsí s tepelnû o‰etfien˘m amarantem (0,78 kg) a nejefektivnûj‰í konverze krmiva byla u skupiny s tepelnû neo‰etfien˘m zrnem (2,45 kg). Hodnoty vybran˘ch biochemick˘ch ukazatelÛ se pohybovaly v rozsahu fyziologického rozmezí.
